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matters iv connection inside, it appeared 
and particularly to first show that there 
go by the aid of otherwise that 
ich, if Tam 


t . which Ihave suggested in my presions 
SS 
and cases of injury to patients are al 
jon, the following Jines, referrin % 
van rt Dr 
ing aud unavoidable dutios prevented 
the work hi Revesuine Tae 
my attention es thi Roxsrors Rave, 
je. Hower op- 
to dwell in a few the same peculiar phenomena as an 
co which Thave an actai ion of the particles 
uly in part 


August 11, 1807 Wr + fe] 


' P so TESLA ON THF SOURCE OF ROENT- 
"| GEN RAYS AND THE PRACTICAL 
» CONSTRUCTION AND SAFE OPER- 
& y ATION OF LENARD TUBES. 
w To TAR EDITOR or Ei. ccrrican Rttyrew ¢ 
~ — Thave forsome time felt that a few Swers 
indications in regard to the practi Pirst 
construction of Lenard tu 
proved designs, a great 


fore the New York Academy of Ss 
ences (April 6, 183%), woul h be 


y reported, 
view of this o -e it for no otk 
reason, the following lines, referri 
to _ this subje ave 
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‘vith this subject, and partioularly on necessary to first, 
a result of importance which T have an actual penetra 
reached some time ago by the aid of through the wall 

cha Lenard tube, and which, if lam 
correctly informed, | can only in part 
WS: or ag my own, since if seems 
Fy vical thas been expressed 
ther word s by rofessor Roentgen 
in a recent communication to the 


Academy of Sciences of Berlin, ‘f 7 
result allud i” as ref , 
much disputed questio: Wie 


of the Roentgen rays 
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nt spot on the glass wall o 
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made the ca onsible ; still i ‘ill be d 
others hought placed a half-dol 
porting it at a sma 8 
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Dhavo for some tine Pelt that a fow 
indications in rezard to the practicn! 


gonatraction of Lenard tubes of im- 
a gteat number of 
ave recently exhibited be- 
fore the New York Academy off Scie 
ences(April 6, 1857), would be use- 
ful and timely, particularly as by 
their proper construction and use 
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will be seen presently, it is not the 
only sonroe. 

Since recording the mbove fact my 
efforts were direoted to finding an- 
swers to the following questions : 
Niet, is it necessary that the impact 
body should be within the tube? 
Second, is it required that the obstacle 
in the path of the cathodic stream 
should beasolid or liquid? And, third, 


to what extent is the velocity of the 1 


stream necessary for the generation 
of and influence upon the character 


inside of the bulb, and, what is more, and the at 
indications were obtained, by observ- 
ing the shadows, that it behaved like 
‘a second source of the rays, inns 
much os the outlines of the shi 
instead of sharp 
when the half-dollar Piece a 
moved, were dimmed. It was im- 
object 


Tines of the cathoie ¢ und tl 
oft pectively, 


te 


of the rays emitted ? 


Im order to ascertain whethera body 1 
located outside of the tube and in the 


much of the danger attending the 
experimentation with the Tays may 
be avoided. ‘The simple precaatioust 
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communications to your esteemed 
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Balcases ofsinjury to patients art 
almost dnily reported, and in 
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one terminal of battery B secondary cirenit. 
rged, and which touches 2 useful as a part 
ush J, at or about the itself, and. having 
I between brush @ turns adds a consi 
in segment of B. The the total potential 
B may have eecminale by ‘The secondary is, 
. may furnish current while fine wire of many? 
ha f elt — e4 
‘preak-wheels Hand F = In He 
yolution, say, 10, 20 | D. uv 
"The contact of coil Ss, Whilk 


ibed, it is be , con ith Cae Ss. 
pe employing the wonton’ a tess ain coils S P and P 
a “substitute primary” or ‘‘secor ‘ ) the serol, va ies and pri 


primary,” which principle has bee 
pplied by me in a variety of ways. 
he prime obj this coil is to 

the direct o ction to cir- one ampere, 


) considera’ wr revolution i 
pence ential for resistance of P ch 


; energy for the production yates, the time consta , 
tential disch ike elf - induction, ieernrres 
mkorff coil for work- i value of 

y vacuum. before break Upon the break of sho 
Bb jpurposes. ne brush G with egment it til 


ayoid the em 
ps or storage 
the energy 

a. Tt 


rates, the time Bebstabh Of actuuy lame WlBoulenser 
as a self-induction, determines sin Bo Chere & ® 
the ultimate value of current cironitof>! time 
before breaking. Upon the break of shortolre vito: 1m fry 
brush G with the main segment it time PS isbros 
touches the condenser segment,which current from ine at 
is phony put across the break: but volts, of more, 
ployment of banks the circuit of S is also closed by con- circuit at Srush | 
stories tuot of segment on F with brush J. 
‘The condenser receives only a small 
ge on Account of the cironit of S 
ing been closed. In faot, the break 


e ampere tere 
ed, suddenly 3° 
on itself by J 
hat even at sis 
cars athe rapty 
on as the a 
has been fully established, in J 
short ireaiteand after brush Qa 

y from all métal 


once is mi oo 
roprosont. conned Q 
Bay, 110 volts differ f pro 
IT ig an iron wire core aroun 
aro wound two coils, ono ove: 
othor, ee which may, of course, 
0 the p Tho inner coil Pin 
tho figure is made the primary, and is 
Wound with many turns of compara 
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ome thousand Ml be 
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Tho outside wi 
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f y -. a, 
one ton te B secondary cirenit. It thus becomes MeKivzie, Flint & Winsby have 


‘ged, and which touches seful as a of the secondary 
hepnah J, at or sat r , and a several thousand Jeyied an attachment on all the stock 


e break pag bi s scone Laotian to of the Citizens’ Traction Company, of 
ain segment of HB. ential of the secondary. A - ed by G B. 
have terminals ‘he secondary is, as usual, of quite San eee 7. are Pad 
nay fori of many thousands of turns, Kerper and ©." s 
cd. ated throughout. payment of an alleged debt of $607.20, 
} In Fig. 2 the coarse coil is 
marked $ P, and the intermediate ‘ 3 
ans i Pe that cua ae the Falls Road Electric Railway Com- 
pene “The funetions of the any, of Baltimore, to the Maryland 
srt : y, of Baltimore, 
coils S P and P § are to act as sec- Be Company, to secure the issue 


r ondaries and primaries alternately. 
ll Tine pote: This is, in fact an essential function of an equal amount of bonds, bas 
been recorded. ‘The bonds will run 


igh nan i of SP, but is only incidental to coil 
tadually during thi P'S, haying been connected into the for 50 years and will bear five per 
cent interest. “ae 


b the end attain a vs secondary circuit S, whose terminals 
|, more or less. } @ break-wheels E F are 

r main segment The Milwa uk a , a e 
following, Railway and Light Company hag 


in the completed negotiations for the pur- — 
a chase of | Weekeeba 


Beach Electri 


‘A trust mortgage for $552,000 from 


iin segment it tin 

segment,which “© consisting prin 

ee re 1 bu Me of way, ete., 
c b con- circtit at a ’ 

vith ah js t : ifted } aukee Lake. 

: Wis., 


ey 11 a 
itioned - 


been fully 


-cirouit, and 


er receives only @ small 
count of the circuit of 8 
losed. In fact, the break 
ain segment of would 
urkless without the con- 
t what slight self-induc- 
‘iped out by the mutual 
the currents in S and P 
taken care of. 
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Tuomson’s New Form or 

[xpuction Cor. 


aetizing of the core II or 
of energy is by P, while 
mergy is by S, acting as if 
closed circuit. This con- 
yeyer, does not inyolye 
» of energy if the ohmic 
if the circuit of S be low 

, then, is & transfer of 
| cirenit to another 

nts are direct currents 


sure this being 


o permit any re- 

of said segment 

ed to be made on 

e first impulse or 

To do this an 
t 


Uupuuaepennn me 
The consequence is that eves o~— 
breaks Do egpr occurs at the pup as 
of ePas soon as the ce 
has been fully established in $ Pon 
short circuit, and after brus! 
got entirely away from all : 
connections on Bi, the main segmen 
of F breaks the cirenit of S P, which 
is conveying @ Very heavy current at 
low potential. The condenser U 18 
put instantly aoross the break, and 
the spark flies between terminals tt. 
Tn this way a coil of the size of a six- 
jnch Ruhmkorff gives 4 torrent © 
six-inch sparks, with an average Cul- 
rent from & 110-volt line of about 
one-half anompere. A simple motor 
or ‘clock-work may be used to drive 
the break-wheels EF, which are 
made of fair diameter to insure accu- 
racy in operation, The best results 
are only to be obtained when the pro- 
portioning of the arts is carefully 
done, and with a Knowledge of the 
result to be obtained. 

The discharges are indistinguish- 
able from those of a similar Ruhm- 
korff. In. fact, the coil described 
might be used with the same con- 
denser © as an ordinary Ruhmkorff 
coil energized by batteries. In this 
case the terminals of the coil section 
PS are disconnected, brush J lifted 
and battery inserted between brush 
G and terminalof SP, which ‘oes to 
Jin Fig. 2. The break-wheel E or 
ith low potentials, ma; 
in water in the usua 


tate sharp breaks, but 


1as been very success- 


ull output, dry, or 
the break suffices. 


"Electric 


Stockholders 9 ~~ : 
a ointment of a receiver to wind up 


the affairs of the company, which 
“talized at $3,000,000. The 
y was incorporated a year ago, 
h of the road was built 


to protect the franchise. 


The Board of 
sidering ® proposition of the Milwau- 
kee, Wis., Hlectric Railway and Light 
Company for purying its feed wires 
along Grand avenue, except along the 
block between Tenth and Eleventh 
streets, where they are to remain over- 
head, because of the board’s refusal to 


tear up the asphalt pavement. 


The Postal Telegraph Company, of 
Portland, Me-, has brought suit in 
the United States Circuit Court 
against the Portland & Yarmouth 
Railroad Company- ‘The case arises 
out of the setting of the trolley poles 
of the Yarmouth road, the Postal 
Telegraph Company claiming that 
the trolley wires have ‘been placed so 
near to the telegraph wires as to make 
the latter nearly useless for the trans- 
mission of messages. 


odd suit against { 
Railway Co! 
claim 


ent inSP may © 


Be break its own 
mn the current 
in jount. the: 


having been closed. In fact, the break 
than at @ with main segment of E would 
duc- be nearly sparkless without the con- 
ded, denser C, but what slight self-induc- 
tion is not wiped out by the mutual 
induction of the currents in S and P 
is very easily taken care of. 
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he radiations wh 
fovered by Lenard vd Moentgen, ty 
maybe comprise: \ the statement 
thik the stream Of minute material 
partoles projected foo wu eleetyone 
vith greet elovics 4 encountering 
obstacles wherever they may be, withe 
in the dalb, in the wir or other 
molinim or in the sensitive layers 
thomselres, Zive rise to ray 

tions possessive many 

tieeof those known ax 


Lion of 
eu die 


tion of 

these rays is undoubtedly demon. 
rated as true, it Wil havemont ie. 
‘onsequences, as it will ides 

« to again critically examine 

many phevomens Which ate presently 
attributed to transverse ether waves 
Which may lead to a radical odie, 
Hos of existing views and theories 1m 


‘oniside, as i¢ frequently done Lon, 
 SXPerience has demonstrated that tt 
is Practically impossible to maintain 

a bigh vacunm sn x tubo with un ont 

ailecap. ‘The only way T have been 

Ne to do this in a fa 
ve 

presalil any potential or Tha ate jet 
tly and upon 

ci "he current 
and aleo the ai 


reduced and bot! 
far that 


regard to these phenomena, if not as! 


to their essence 40, at least, as to the 
mode of their production, 

My offort tovarrive at an answer to 
the third of the al 


oh oxists between the Li 
gen rays. The ph 
on this point were 
of the New York: 
bea—before referred to 
but, unfortunately, 
rtness of my address, 
of thought on 
d what was 
r. to. describe 
1 there photo- 
‘oversight 


pis 


the 
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urpose, some ia 4 
litre ‘led me to the eon: 
clusion that in! lightuing discharges 
Lenarl and Hoentgen rays must‘he 
ordinary atmospheric wi 
ing in of the cap. 
latter may be one thirty-secon 
AY even one-sixteenth of ann dl is 
and in such case the central portion and. which is 
binned down by a counter- trated, P 
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Concluded from page a7, described, in whi 
( >) 


ch the 
idea of the process of generation of doe weed 
the radiations which have been dis- any desireq 
covered by Lenard and Roentgen, If Pulses ma 5 
may be comprised in the statement Practically no limit in 
that the streams of minute material 
particles projected from an electrode following 
with great yelocity m encountering in, 
obstacles wherever they may be, with. / i this the te 
in the bulb, in the air or other 
medium or in the sensitive layers 
themselves, give rise to rays or radia- energy conveyed con 
_ tions possessing many of the proper- nce was ( 

r of those known as light. If this fhe’ feebl 

ical process of generation of by pushing 
rays is undoubtedly demon- enough, Roentge 
true, it will” ) i sity, which enabled 


tographs showing the fines 
h Still, thes 


outside, ; 
experienc 
is practic 
a high va 
side cap. 
' able to 4 
is by co 
air, for jj 


and rays began 


to tligir essence Sv. AU Least, as to the 
ode of their production, 
My effort to arrive at an answer to 
ae third of the above questions leq 
me to the establishment, by actual 
photographs, of the close relationship 
which exists between the Lenard and 
Roentgen rays. The Photographs 
bearing on this point were exhibited 
ata mecting of the New York Acad. 
emy of Setences—before referred to— 
April 6, 1897, but, unfortunately, 
owing to the shortness of my address, 
and concentration of thought on 
other matters, IT omitted what was 
most important; namely, to describe 
the manner im Which these photo- 
graphs were obtained, an oversight 
which I was able par- 
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ults in harmony wil 
we subject I 
c body, will 
nication whi 


To bring o 
of the photogr 
would recall 
previous conti 
societies, I have en 
popular opinion | 
ena | 


significance 
question, I 
ome of 


t design 


fore, is shaped spherical], 


— | go S Srseprecauuon If pri 
z tact ener werten " 18 taken in’ their preparat 
f at Wserting the ‘ 
aie have su & the cap the latter 


Y the use of j 


7 down as low as it is deemed 
obtainabl 


without endangering the g 
iis then gently pushed in 
of the tube, taking care th 
straight. 

_ The two most important o 
in the manufacture of sug 
are, however, the thinning 
the slaminum window and 
ing in of thecap, The me 
Intter may be one thirty-s 
even one-sixteenth of an it 
and im such ease the centri 
may be thinned down by 4 
‘y sink tool about one-fourth s 
in diameter as far us it i 
without tearing the shee 
further thinning down ms 
done by hand with a scra, 
and, finally, the metal . 
gent which migh 
close the pores which mig] 
slow Lacy Fecatee of pro. 
this way I have employed ¢ 
2 bole: i Alles Yr whit 
closed wi 


urposi 
free ee avec 
clusion that in’ |) 
Lenard and } 
generated at 
pressure, 


going was, 
nevertheless, not lost for this object, 
inasmuch as it has shown how much 
the result obtained depends on the 
proper construction of t 

ments, for, with ordinary ents, 
most of the above observations could 
not have been made, — 
Ihave already described the form 
of tube illustrated in’ Fig. 1, and in 
Vig. 2 another still further improved 
is shown. In this case fa 

the aluminum ca A, instead 

of having a straigh as be- 


} the sphere coinci 4 
th trode e, which i 
, has its focus in the ce: 
of cap A, as indi- 
lin he alumi- 
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described, in which the primary is 
operated by the discharges of a con- 
denser, Wath such an instrument 

desired suddenness. of the im- 
ses may be secured, there being 
practically no limit in this respect, as 
the energy accumulated in the con- 
denser is the most violently explosive 
agent we know, and any potential or 
electrical pressure ig obtainable, 


Indeed, I found that in increasing this the tube is excited. 


the suddenness of the electro motive through the latter, and also 
impulses through the tube—withont, 


however, increasing, but rather di. 
minishing t tal energy conveyed 
to it—phosp nee was observed 


and rays be; appear, first 
the feebler Leni 


by pushing th 
enough, Roentgen 
sity, which enabled 1 
tographs showing t 
of the bones. Stil 
when aguin operated 
nary coil of a low rate 
the primary current, e 
ically no rays, even whet 
ted, much more energy, as i a proper care 
om the heating, was passed th e ition. In 
ome e ing the cap the 
at I haye succeeded r low as it is de 
the use of immense e 
essures, obtainable with 
\pparatus designed for thi 
raved some impressions in | 


itside, as is frequently done. Lon, 
oxic emonstrated that it 


pressure, are then gradual! 


far that no great differences 1 
Great inten- ture resuit between the gl t 
mcap. If these precautions 
ved the vacuum will be D is 
paired in consequence only one Hitch 
nsion of the glass ‘They are also b 
g of examinati 
icularly if u 
er illustrated in 


hay me to the con-~ 
htning di chat aee 

jtgen rays must 

ordinary atmosphe 


we vacuunr wii pe AUUTEOnETAMaZeS areNOt UME 


’ aa bree riy bel sume, tubes Tamed ired i quence nes which these tubes offer. 
re presently a cae ©perated with the ordi. ohithe Teri heat ‘They are also better adapted for pur- 
ther waves, the primey OW Tate of change in and metal. of examination by surgeons, 
allinoaites. (ecuh'™tyeuRren emit Prue AVith tubes. as these presently de- particularly if used in the pecal J 
ie. tenets: C¥en When, as before Seribed, it is quite unnecessury to «manner illustrated in diagrama Fig, 3 

oa emote energy, as indged observe this precantion if proper care and Be 4, which are eelf-ex pe 7 

Ce OE aa i ye, nents, WH palwed through fa taken in ther preparation, In It will be ibatinisiah 0 
it, a8 to the the fuct that] fence, together with inserting the cap the latter the cap ia connected 10 the gr 


~ind 
Ms i hay ceeded in prow i fn ‘This decidedly diminishes the aa a 
ivadrent ae by ‘the inse of immense eles Si ee elven ae and jurious action and oe 40 ao 
Fone tan, tin ie e=MTeBolltainable with cen itis then gently pushed in the neck take impressions with very short ex- 
estions led "410 apparatus designed of the tube, taking care that it sets 
by actual tree af fj Straight, 
elationship ‘Lhe two most important operations 
venard and in the ak le uc] i tube 
i ; A are, however, the thinning down 
rolographs Booth Bh bi spheric the aluminum window and the seul- 
[exhibited P . ing in of the cap. The metal of the 
‘ork “Acad- latter may be one thirty-second or 
‘erred to— a even one-sixteenth of an inch thick, 
rrtunately, wc the and in such case the central portion. 
ly address, k owing re- may be thinned down by a connter- 
ought on ob; . ae nary sink tool about one-fourth 
what was to , in d 
© describe { 
+se photo- 
oversight s i 
Only par- gj ' g phy- 
OWinee TE h 1 on such 
ision lus- 
ments) in 
ttibility of 
net, which 
ationship, 
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But the 
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I cannot pass without comment the note of Prof. Thom- 
son in THE ELECTRICAL Wort of April 4, although I dis- 
like very much to engage in a prolonged controversy. if 
would gladly let Prof. Thomson have the last word, were 
it not that some of his statements render a reply from me 
necessary. . 

I did not mean to imply that whatever work Prof. 
Thomson has done in alternating currents of very high 
frequency was subsequent to his letter published in The 
Electrician. { thought it possible, and even probable, 
that he had made his experiments some time before, and 
my statement in regard to this was meant in this general 
way. Itis more than probable that quite a number of ex- 
perimenters have built such machines and observed effects 
similar to thuse describ d by Prof. Thomson. It is doubt- 
ful, however. whether, m the absence of any pul:lication 
on this suoject, the luminous phenomena described by me 
have teen observed by others. the more so as very few 
would be likely to go to the trouble T did, and I would my- 
self net have done so had I not had an advance of firm 
conviction gained from the study cf the works of the most 
advanced thinkers that I woul obtain the results sought 
for. Now that I have indicated the direction, many 
probably follow, and for this urpose J J 
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